The Lupa Goldfield (LGF) is one of the eight structural terranes in the NW-SE striking Ubendian Belt of SW Tanzania. The LGF is comprised of granitic gneisses with bands of amphibolites which are intruded by mafic intrusions including gabbros, granodiorites, diorites; and various granites as well as metavolcanics. These rocks are cross-cut by narrow mafic dykes and aplites. SHRIMP zircon U-Pb data are presented for the granodiorite and a mafic dyke that cross-cut the granodiorites in the Saza area of the LGF, with the aim of constraining the mafic and felsic magmatism and their implication to gold mineralization. The zircon U-Pb data shows that the Saza granodiorites were emplaced at 1924 ± 13 Ma (MSWD = 2.6) whereas the cross-cutting mafic dyke yielded a zircon U-Pb age of 1758 ± 33 Ma (MSWD = 0.88). The dated granodiorite sample was in sheared contact with an altered mafic intrusive rock, most likely a diorite, along which an auriferous quartz vein occurs. The 1924 ± 13 Ma age of granodiorites is within error of the reported molybdenite Re-Os age of 1937 Ma determined for the gold mineralization event in Lupa goldfields. Although auriferous quartz veins are younger than the granodiorites, the more or less similar ages between the emplacement of granodiorites and the mineralizing event indicate that the granodiorites might be the heat source (or driver) of hydrothermal fluids responsible for gold mineralization in the Lupa goldfields. This would further suggest that gold mineralization in the LGF is intrusion-related type. The mafic dykes represent the youngest rocks to have been emplaced in the area and hence the 1758 ± 33 Ma age of the mafic dykes conclude the magmatic evolution in the Lupa goldfields during the Palaeoproterozoic.
INTRODUCTION
The NW-SE Ubendian Belt of SW Tanzania is bordered by the Tanzania Craton to the northeast and the Bangweulu Block to the southwest (Figure 1) . The Ubendian Belt consists of high-grade metamorphic rocks of sedimentary and igneous origin, including granulites, migmatite, amphibolites, biotite gneisses, schists, quartzites, eclogites and marble. Granites are the main type of intrusive rocks, but there are also granodiorites, diorites, gabbro and carbonatite rocks [1] . The Belt has been subdivided, on the basis of structural and lithological differences into 8 blocks (or terranes) namely: Ubende, Wakole, Katuma, Ufipa, Upangwa, Nyika, Mbozi and Lupa [2, 3] (Figure 1) . The Ubende, Wakole and Katuma terranes are the northwesterly of the eight whereas the Ufipa, Mbozi, Upangwa, Nyika and Lupa are on the southeast.
The Ubende terrane is dominated by amphibolites and amphibole gneisses which also host mylonitic eclogites. Boniface et al. [4] . showed that the Ubende eclogites show a MORB-like chemistry and yielded SHRIMP zircon U-Pb ages of 1886 ± 16 and 1866 ± 14 Ma suggesting the existence of a Palaeoproterozoic ocean floor subduction in the Ubendian Belt. The Ufipa terrane is mainly composed of granitic biotite gneisses, hornbelende gneisses and granet-kyanite gneisses. These gneisses host lenses of kyanite-free and kyanite-bearing eclogites whose chemistry is similar to back-arc basin basalts and yielded SHRIMP zircon U-Pb ages of 593 ± 20 Ma and 524 ± 6 Ma. This led Boniface et al. [4] to Figure 1 . Geological map of south-eastern Africa indicating the location of the Ubendian Belt and its subdivision into eight structural and lithological terranes, modified after Hanson [5] . The position shown by a frame box is part of the Lupa block which is the study area in Figure 2 .
suggest the existence of Neoproterozoic convergent margin in the Ubendian Belt. Dominant lithologies in other terranes include alumino-silicate schists for Wakole, migmatitic biotite gneisses (Katuma), mafic granulites and syenites (Mbozi), meta-anorthosites (Upangwa), and cordierite gneisses (Nyika).
The Lupa terrane (part of which is the subject of this study) is dominated by granitic gneisses with amphibolitic bands and are intruded by mafic intrusions including gabbros, granodiorites, diorites; and various granites [6] . Metavolcanics are predominantly felsic and occur in the Ngualla area. Mnali [6] reported zircon U-Pb ages of 1937 ± 47 Ma (MSWD = 230) for the Saza-Chunya granodiorite and 1931 ± 44 Ma (MSWD = 110) for the Ilunga granite and proposed that both types of granitoids were emplaced at between 1920 and 1960 Ma. Note the large MSWD values associated with the reported ages.
The Ubendian Belt hosts polymetallic gold and base metal deposits in the Mpanda Mineral Field (MMF) where gold occurs associated with lead, copper and zinc mineralization [7] . Gold has been recovered as a byproduct of Cu and Pb mining (e.g. at MukwambaNyakaliza prospect). On the other hand, gold rather than polymetallic Pb-Zn-Au-Ag typical association of MMF is found in the LGF [6] . In both the LGF and MMF, the mineralization is restricted to the sulphide-bearing quartz veins in major shear zones and the link between the gold mineralization event and the emplacement of felsic intrusions remain inconclusive [8] .
This paper presents the SHRIMP zircon U-Pb ages for the Saza granodiorite and a mafic dyke with the aim of better constraining the emplacement ages of the mafic and felsic igneous intrusion events in the Saza area of the LGF and their implication to gold mineralization. It is shown that the Saza granodiorite was emplaced at 1924 ± 13 Ma, an age that is within error of the reported gold mineralization Re-Os age of 1937 Ma which suggests that the granodiorites might be the heat source of hydrothermal fluids responsible for gold mineralization in the Lupa goldfields. The data also shows that the mafic dykes cross-cutting the granodiorites were emplaced at 1758 ± 33 Ma and this concludes the magmatic evolution of the Lupa Goldfields during the Palaeoproterozoic.
GEOLOGICAL BACKGROUND
The geology of the Saza area in the LGF is best described by Mnali [6] . The Saza area is located on the eastern margin of the LGF and forms part of the exploration license of Helio Resources Corp (Figure 2) . The area is comprised of granitic gneisses which are intruded by a body of mafic rocks including gabbros, diorites, granodiorites, and granites (locally known as Ilunga granites). According to Mnali [6] , the gabbros and diorites are in gradational contact with granodiorites and the granodiorites do not show any obvious contact with the Ilunga granites.
Mnali [6] reported a U-Pb bracket age of 1920-1960 Ma for emplacement of both the Saza granodiorite and Ilunga granite. The Ilunga granites are spatially associated with minor felsic volcanic rocks whose age is unknown. The granodiorites are comprised of mafic xenoliths which points to the presence of an earlier mafic magmatism prior to the emplacement of granodiorites (Figure 3(a)) .
The granodiorites are then cross-cut by mafic dykes (Figure 3(b) ) and aplites and these are considered to be the rocks that represent the last magmatic event in the Lupa Goldfields during the Palaeoproterozoic. Contrary to the regional high metamorphic grade that has affected Ubendian rocks, the rocks in the Saza area have suffered low-grade greenschist facies metamorphism, a reminiscent of the Lake Victoria Goldfields.
The Saza area is one of the largest gold producing provinces and the Saza mine was once the second largest gold producer in Tanzania after the Geita mine during the pre-independence era [6] . Gold mineralization is associated with E-W and NW-SE trending shear zones and occurs in pyrite-bearing quar veins. Most recently, the tz ongoing exploration and research works in the LGF by Helio Resources have constrained the gold mineralizing event at 1937 Ma using Re-Os method on molybdenite [8] .
SAMPLES AND ANALYTICAL METHODOLOGY
Samples used in this study were collected a few km nearby the former Saza mine (Figure 2) . Two samples representing the granodiorites (SAZ 06) and mafic dykes cross-cutting the granodiorites (SAZ 02) were sampled and prepared for zircon U-Pb dating. SAZ 06 is a granodiorite sample that is in a sheared contact with an altered mafic intrusive rock most likely a diorite along which an auriferous quartz vein occurs (Figure 4) . It is comprised of plagioclase (40%), quartz (35%), microcline (10%), biotite (8%), hornblende (5%) and magnetite (2%) as shown in Figure 5(a) ). It is composed of SiO 2 = 63.3 wt%, MgO = 1.19 wt% and total alkali contents = 6.44 wt% ( Table 1 , compositions expressed on no water free basis). On the other hand, SAZ 02 is a narrow mafic dyke that was found cross-cutting the granodiorite (Figure 3(b) ). It is comprised of globular masses of olivines (20%), pyroxenes (30%), altered plagioclase (30%) and hornblende (20%) as shown in Figure 5(b) . It is composed of SiO 2 = 49.7 wt%, MgO = 5.59 wt% and total alkali contents = 4.44 wt% ( Table 1) .
Approximately 2 kg of samples SAZ 06 and SAZ 02 were crushed and powdered to 250 m. A heavy mineral concentrate was obtained using heavy liquids and magnetic separation at the Activation Laboratories of Ontario, Canada. Hand-picked representative grains from the sample were mounted in epoxy resin together with chips of the TEMORA (Middledale Gabbroic Diorite, New South Wales, Australia) and 91,500 (Geostandard zircon, [9] ) reference zircons and polished for imaging.
Zircon Back-Scattered Electron (BSE) and CathodoLuminiscence (CL) images were taken prior to analysis. The U-Pb analyses of the zircons were made using SHRIMP-II. The data were reduced in a manner similar to that described by Williams [10] and references therein). SQUID Excel Macro of Ludwig [11] was used. Uncertainties given for individual analyses (ratios and ages) are at the one sigma level; however the uncertainties in calculated concordia ages are reported as two sigma levels. The concordia plots and concordia age calculations have been prepared using ISOPLOT/EX [12] .
RESULTS AND DISCUSSION
SHRIMP U-Th-Pb analytical data for zircons from the Saza granodiorite sample SAZ 06 and mafic dyke sample SAZ 02 are reported in Table 2 . Zircon grains from sample SAZ 06 vary from ovoid (Zr 1) to a few prismatic ones (Zr 3) with lengths varying from 60 to 110 m (Figure 6) . On the basis of the CL images (Figure 6 zircons of sample SAZ 06 ( Table 2) . When plotted on a concordia diagram (Figure 6) , the regression involving all the twelve data points yielded an upper intercept age of 1903 ± 24 Ma and a lower intercept age of 399 ± 250 Ma (MSWD = 0.64), all regressions employing Isoplot/ Exe of Ludwig, [11] . The upper intercept age obtained is indistinguishable from a 7-point concordia age of 1924 ± 13 Ma (MSWD = 2.6). On the basis of its better précis-sion, the concordant age of 1924 ± 13 Ma is considered to be the magmatic age of the Saza granodiorite. Zircon grains from SAZ 02 are prismatic showing good zircon terminals (Zr 2) and a few shows zoning which is sorrounded by a structure-less rim (Zr 4, Figure  7) . The zircon grains have lengths varying from 50 to 120 m (Figure 7) . Ten analyses were performed on seven grains of sample SAZ 02 ( Table 2) . When plotted on a concordia diagram (Figure 7) , the regression of the data yielded a 10-point upper intercept age 1758 ± 33 Ma (MSWD = 0.88).
This Table 2) . The 1758 ± 33 Ma age is hereby interpreted as the magmatic emplacement of the mafic dykes that cross-cut the granodiorites in Saza area of Lupa Goldfield. The 1924 ± 13 Ma age (MSWD = 2.6) obtained for Saza granodiorites is more or less similar to the 1936 ± 33 Ma (MSWD = 230) age reported by Mnali [6] for the same rocks. The poor MSWD values reported by Mnali [6] for the Saza granodiorite (and Ilunga granite) led him to propose an age bracket of 1920 -1960 Ma for the emplacement of both types of granitoids. Thus, the 1924 ± 13 Ma age obtained by this study provides a better constraint for the emplacement of granitoids in Saza within the LGF. This age is within error of the reported molybdenite Re-Os age of 1937 interpreted by Mackenzie et al. [8] as dating the gold mineralization event in the LGF. The more or less similar ages of granodiorite emplacement and gold mineralization event suggest that the granodiorites could possibly be the heat source (or elsewhere in the world [13, 14] . In particular, McCoy et al. [14] distinguish "plutonic-related mesothermal gold deposits" of interior Alaska from the orogenic-related deposits as those where ore fluids are derived from evolving magmas.
Such a criterion would fit in the age distributions for the granodiorite emplacement and gold mineralization in Saza area within the LGF.
The 1758 ± 33 Ma age obtained for the mafic dykes that cross-cut the granodiorites in Saza area is younger Table 2 .
than most ages reported on Ubendian granites which cluster around ages of 2.0 -1.8 Ga (i.e. the Mbarali granite (2026 ± 8 Ma), the Ufipa granite-gneiss (1864 ± 32 Ma)) during the Palaeoproterozoic [15, 16 and references therein]. The age cluster of 2.0 -1.8 Ga are interpreted to represent the granulite and amphibolite facies peak metamorphic conditions in the Ubendian [15] . This indicates that the 1758 ± 33 Ma age of the mafic dykes represent the last magmatic event that concluded the evolution of the LGF and the entire Ubendian Belt during the Palaeoproterozoic times.
